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Thw ±s of llft rnp. uurfaoow for mroplnxa dopails
Aund*~ntaly o tvo ±nmjnsional data for th- -_3rofoil sui:Aiona,iwith
flapa whoru nmoaary for control. Data of 'i And om r,)uirod for

th m of losignors, und for tho dcrvolopm~ot ol: rothoda of' oaloulating
oontrol ohoactoristion and stability~ d_ iv~tivijo for flnit., wtingu*

ah3on tho lift, pitohing-rxta, anti hig; or.sr of

Physioal L-vborator-y it ai Romldus num~ber of :;Vout 1L . Th,; raults of
tho cxpujriiunta Kh1-'o boon prusmt~d in nlLl for:, hucoh qhows

* ~~pror=iic of boing applicabl(: ovur a WiA, i'lJ1. Ih I~~Lo ~w-
?'nvo born tvatod fea ffnr %n pousibl. i'ro. othx~ :3jrca 11.X'Uding~ sc!-
tests modc on ono of th4 .P.L. socticnr an ir,1... Tuno-. ct I1tq41ld
nrbors up to fulofZy 1,)[ It qypoam~ thw.-t LWA&3tion da.u to llr .stofl

that tho mttio of xpoiriLU~t!l IA't alp, C/U a &I l tho

thoumtionl vnluo (i)r curr~i -wA:4i% tv th, Joukoaly 001ditiOn Of

flow pant tho trcs1l -Lnoagc, lirovi.d" a erlt~.rlol ;ivin " tku oombinuA
offoota of Raynr.tAsn;;: tr-ir-itimn ptintsi, *.vIiru"-i ah~ipo an

otrol chbactot-r-ios. ?huj o I rtt; in thia ru;,urt ai
inmaAfor th- csoit.atiun )&, -,~ *.,itching~ Trxniat

kqAY to tI.0 uho3o pr~.Z ui t-&U -FA-rt. - uyd ~lbot
i itsv"j aociur% jul ug-~anea by furthor , pr.--t - w

1?-rt I.- Tho VriAtiu. of LAjtL oTT1iunt With lac--clar*0

i. . In 4 sarxes vir PaPOM~ 
1 2 03-1 k AI'3) ?rvaton urj2A1-0tOd

vulu*a of ni 't', bl, Vb, Xt~a ~uu 5r~ac~ thO 0 o-A'rP~ndir!9
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2.* Tbworvtiwa Slope of the Lift-iuo1dnw Cwvo (l.

1Me thio a-cksord ratt, it tt* principal 1,arimtar whioh
'Uv1w (ti )T , %ilat thare &jje sal.al v ra~tims~ 441ndling ux
the ouz-Yatux- at the loo~.1ng Ag~o 3rA upm the trailing o,%o .nzo ur
trtilxmi o4g* our'waturo. An ar-,rjnAto formula zhwu to Hi. C. Gamrn~
hA& bumx fuwm1 aocumtQa nsigi fur use in o~ntral catjm*ationa, vi* t

(i)T C9

-2a

10.392

7.25.o is the half orinate uf thv. 1,rmlul at thL, quarter-ohard

7 ').5 0 is the half ordinata of the rofila at the t)-.re-4juarter-

vc in thd rnliua cC ourvitturu ~tthe tru.L1An, o1+:e

is the trailln,: iju~ ar41e

In ?U.1 I are i.ttw'I veiuua uf -an n rwt, of +,a tho

.ekn$-ohord ratio, for tuo famiilies of' related1 aarofai. saooticos.
'd iA may proridu suft iciwt informationx for ani octinato of (OO T in

ABISSAaqUt oni aq Aio at the lftX~q1.

3.1. A sarios of test* have boan =&ud at thoe Nr.1 (7 ft. W.,.2 tunnal)
3. whiah the lift, uxcg other quantities, has boomn roaaurod on a 15%
tink wing vith its m~zwa rdinato at 41% fr= tho bloing .oao. 'he

r- 4r portm of the wing ba beenl WtaatUsly wdified so a to give
a aw of "ULM edge angles tro 00 to 280. 11 olda ntrjber is of
U ot order, 10. h trans*ition~ point hat belan vuriod in poottn tror-
0. 1to 0.65 of the chz- fro the loaing w4go ty coans of wirea. In
aid 1ticti tho tr~zaltion %at aullod to ooi, witheut wires, botwecrn
C'. 5 azi 0.7 ohoird, The gap at tho tdazgo maua oithar oztrme43y asi or
sa O Vith gre pase in 4 the exnarisonts.



-4-

Atte sections are dravn in Pigs.2, 3. 7hW wi1 be referred to
as the 15 41 sorloa. The trei3.iz otago wng1l u waro approzimstalyt

Tho v~sp v%3 do~ig 4 ao that the 1, riva~tivosi up to d~y/dx)3
m-ore all taro, za in the manufaotum- a -v'ury thin boxwood tra~iling odgo
Wo* f itto4.

Tho mothod Qf too)t ia (IiAcrtei In PtIrt 11I.

3*2. Thoe xp .zintl roau.1tz frrom tt.o 7 ft. tunnol aro plotted1 I-1
r AIOA a/j).In P~g.12 for t~.'u positionn uf tho transition
(0.1 oni 3.5) as fixod by ouJitablo -wircs. T1.o urim in thu moasurod
31opas appontr to bo of the-, ordior lil-. inotudod in tho aonv figuro
6r cu.rves .fv't :ae givocn 4.; r'ports frur. thev N.A.C.A. and from tate

itho Co~-4,%s,- Aix r~~2 at tho N.P.L. Thexie .IitionaJ. oux-vc ar

All the mu~saurmontz ,f nj nix) oullootod4 .n ?1g#4 und plotted
agiaint poaiticm of trmnM.ti,)r- Thoro -,S~cxr to I>- twao groupe of results,
wuI the upper, r,)proanted Ly- tl fk.1 liu, arm beliuvodi to correspond
to the oamliti of mb-_ur. wu !~~.. n tr-ic-. of baxvdr7 layor
sopation, oither2o rr or ttLLlut 'varliigly vq.ue fron this
curve arm plotteon .te~v of . -vch g~c what arc belie'od
to be the ati.t.,o ,f -1 "n t,,rr- A' trniaititm for Reynolds~
number 11Pe. WI4~n the a-~ 11 13 z-.Or~l I(Zt it'or u'iin ep aumltd) the
va.luan of &I ooropcx.i to the i.oltul c-m. cf Fie>.L WWuO a1noat
invearibbLy mo~~zum~, nd ttr nar. 1-.a thi.o 1,_A %,A f~x oml w.hen the
investigation~ hale t,, t~ . ~in v i. A", 1in t.r wk with sxmoth
aurfaee up to at lait ? L o:' tho &rhorA fr thu lcnlir~g edge onfimted
the hijwz v3.1.w5 ui h 1.v Loun uicuiAod.

Tha roult for thin cto (a"o Fig.5) uaru similalr to thoe
for 154.i with lavor values uhw the surface -.m broken at the hUW~ uf

th 4i flap, and the full lino. valuos for sa~ller Mlpa The I at.r
a ro used f *r plotting en Yig. 7.

The roaults for thosa sootions ame pl3ot tod in Pg. 6 tho Nnf
UW&s of pige.4. &nI 5 bOU4~ ropro*4 as moll in %his tf.garo In tihl

ease of 15 41b thare iz atil! the so trdmaLy to Io' vul1uoa with tho
W mflp, as 1ir, te4 in Pig. 7 '*lore the &s* of flay is give~n with nost

of tha oboorvation points pLotte4. In Soction 1 41o the lifferanos
botwsm 2X$ =ui 4% flap -zcols i Lagtligiblo# ~ arx pparanwrA nM-ztat
with the oz~apod aorofioil.

3-6./



3..Tho curvo A zlig. raprozunts tkj- vr.-Iuu of the lift curve
slpefs n Nn~ct~ln ar t ~ 4>ni nn l U'- trzin~tion occurs at

).Ic on txth aurfcu3, tbh. al'-4fci -i.m %i.t;. tc w.'oi behini 60%
chcori, =1thdr 13 LiV.rtio~r. T~ thoj txtudar 3Lyer. 3iiarly
Lna-o b~ roprvAnta t 4 lift c'%.rvo ilzpo fXr tr-nsition at hailf-oter
-.r boyon:11. CjXrvu C eivc t.. curvu fc-r al ta.ken fruii Reference I.,
which is t-ii tu kLz . rc.rl .ir, t~itz it %cya"s nt~bor3 btw.oo
3 OMd 4 x 104. ThiV lo3 tui.fl ovur nuoh largeor angle rangas
tAn thc lotari.Lo' f~r t)hi. nr;crt an-! they pxrobably represent

co~'it~Q f "ir forw--r-i %rnti:.tn on the u.per ourfaco, ad cosiderably
L4&k an thc, luciur. The) -ccur: cV clui~i b,-in-. only t% curve C may be
oorw lorol mwuI-4j txo -(;reo with tho results of ourvas A and B oven
aftor tiuing allcwarnou for Joyn4oldz number and for variAtia of morofo±.l
thicknuna.

4. TI-A =gfot of Agymelia !Lbur-tg on the alov_)c of tho Lift- nidonoO
Curo

4.1. Onu uf the 1541 rOMCoils, (1541a), hMa boan tested in tho
1.. 1 TU.2 11";b~ q tt. Twr-nol uver a range of Reynolds nuibora, 2.5

t.. no~r~j 10 - 106. '&he vriluoi of &.l/(al) derived fraxn those toots
t;.r trunaition pusitizun3 of 0.1 and 0.5o are plottod againat Reynolds
nurAbor i~n ?ig.11. On tho osvrc figure arc Tilcttod tho valueo of

%- . - aoduihzd trrx a -mbor of N..&.C.,t.. tosto of tu-diensaional
rnaela, Ref.5, wihich kad tr ilxne,-o4d,- wr~lea of approxirmtoly 20 dog.
In acr* oazqa it was otatod in R4 f,5 that tho tCatB wore mada With

l~ti~-ei~oof sarvn:Lr1 mu1noaa"; -thorwizo tho position of the
tronsit..,i jiint n jrorftr.Jy Uat- i'noo~ back from~ tho londing-.4go.
On r~'.11 o ro plott'a-1 -"14!2 a~ fu-, .v~inta Ivrivall frv:-, tuats of ructarqralar

wxsof aivit-vitio '4 in the. Cv,rintn&. -ir Tunnel at the rNaticv~l
Ptrnoi2. Labxritcrv r-."sr -i rox~ n wxburs; tnesoe xjprintal
reaulto i~ ~rc1Ii -- rtIY im-flb ttw oeipirioa. form.ula

Cf .< - (~ Qci/6)(2)

whore (a) iz t :..ur~a lift na. qu. ;;4ch 1,ltto-1 point ini
lbul1ed uiv i nwir sitoolfyin,,7 1.-0 t t-ua thu thioknouo-chvrd ratio of

tvaiwctiLz n, a th-ac -~uxnt.i f"r uhich trwknitiaii is likoXly to be voll
f;*a- aro UlatinMa6.- fr-t- tho tv~ainlcr Ccr utioh transition 1.s

4.2. Sinlnflr ilvttintp X a/ej )0T agriinat Roytnolds numbr are
given In ?1. 8, 9 :n- 10 rcr agrofoils with trailir-430 angles in the

nQ1ghb~r1.-I of 5, 1-. nd 15 Feercs rospoctivoly. The dstr. arm takmx
friz X4...C . . ov,=o (Ras. 5,6 an other ropor'ta), trM.z C~cjrueoo
a.r 7~snoI teats, ar. wall an frcxm the 1541 arIOS tests in the N.P*L.
7 ft. Tunel. On aach af the fi,-Uros 8, 9, 10 anI I1I, full ].ino curves

Ar- jrAManaasjj,!' otwr.thg, to Ajcrity of tho lotted nointo.
Those curtez; wP I~j a. that ertas jatti-F 3ainst trailig-dgo W,1
yiollaI x.Lc 0, rurrean 33n yi. 12. In. this MiiUzv the ervas klot-ir3s
irmr tt4 1.ntA of p, -.. 8 t, i ar. . --w, f, r the u~j.or anl lover liniting

cu~vn. ~r t.e ~s~~ t1~t y?1l a ~d~z~ oo et, Vit: lot) and

1':NtkVM- -



4#3. f't-r Figs. 8 V; 12 %ere 1raw., 1'uzrth4r i zrc :tef.6 wore

6 x io in ?.1 Thu ziocemut uith thu li::itin cur-rus uf

th tVOoktr t runAW x-Ai:3ti4 0.1o -"0oIt wz!I to.r nit~ th~t
-An th trilngocli inn ~- is a23A,, the 4 J int w~thiroon bt

tranitii. It izo acllodi that the 1-'war 1iuitin. c'dr'Figs*
8 tc, 12 vw.uld ccrrosvml t. fir foorl cuicl3 the tra.nsition
j1nt, wh.12.t tho upor liritin-- ourvej ajly to tranm31t-A.'4 Voll bacOk.

in awll the ui. or ltnit t - thirnnir zctn;it is
;,rvt4blo that this 1±zudt shc.UJA *w lcov-jr focr thc :ixi-n Whomo
trw'Aitifin 1.3 faiLrly -Iutini.toly inn t cum I-rl th~t 3 1 /(aj" ).t
Wn t~o eatinmto within 1, % Ivut whore trwiiiLn 13 *=km~n tho oatEt

r-qy L-a in ormr byr

ru.hc uitnterjiting fo.,turo si the 1541ta tL3t.- in tho R..
7',nnol (,uo ? 0.ia 19) -a the uvidlce that at tho hi,-host
RuYnm1Aa nur.Lar, abut '1-3 , the lift aL .;o, c-rruct-.J .1,;T c~xmpreaitility
Offocta, ui~roO3 ath thc; !'~:Ln.iti~n - cuxr'c frxr tho e pomor datn.
The vliluo fr-.r. tho Tunnol o.ciy u-,±nl t n transitioni
well f, r.wrr cr tho u,.;r oricu ;nthe 0.h~u1~x '08C.

4# T'blu I kCC cxJ .lull~ w-tr- iuw t~ ~~~l a j.rooObuZO

okx~ti ratio, own Thn'~i (f ii ~ ~ ~ (1~ n
Tat' ' su.:,uuota ilke~ly VaIIU03 f .jr R Yr. I n nv.-rCr 6 erIt M-1I7

J-09 And 01.15, vul-ts 1 ,tizt& t r tw ) --,a4i~~'. of tho
trmnsitLin j.' nt. it tr..uAJ th..:t T~ L.I r ~ avadnblo
lot& auffioitly wiAJl f,r ~rri~ .. r~ oiLnis
Yip).Iy ;.siruill-v !f th~i *-~ ~~t ~ r t, 11j an

In vi~u 4'f t& vvio u. ,rtm-,cj (f thj 1,aLtAty ai/(%,)T , it
isn a~ =ttor of skco ur-_xmmy that further Vtoat zhou..1 I-; oarriad out
with thx) a-Aoifio ;A~r--;G 4'f !iotCt.inr.,; lift sla,,,oa rolatod to well'-
Jofiinol 0-;nitlawn, no tr~at th, ahai r-A2 y be tt'Mr ostmbliAi~wd.

rwigo cX Rcynclla. nur-i ra aho±ld !:, c~vru trarx;ti.;r su.ull ).'a
otaJzorl) anA omtr ,llv~l vhoro nsacoemry tV. iuvj oiomt vaj'ntim,
And1 the cocticna achcsn for teat shIeull to such an w~J.2 st4,-..y tho
roquairul nuLber -,f kay 1,;iftm (,n tho chart. Tht- main worjm(A8 lies in
the rigion cf marll ym)uas of ':, and4 afire Jnta on tJn aactLa In
goarxrl I a -UJe. In crier that the ocrzlitions ietoxminin, .lft alro
s*4%xI be bettar w=darstaeoI, 5=0 attW;Lt 'C -~ri Li ao.nt

04aknoAss of the l. ~zAary-1Ayos in the o ;i ef the trmiling-do-
ui.th' greAtor -iccurr-.y than has hithrt; been nahitivel ;A very much to
I* ruxcoumao. ..ocurmcy 13 rvquiml~ in thsi ~ t -omutabcnwo it

is--.!tf-ronti.%l affect tetwouon tho u;,per wml 1-7imr c=A-Ja yorz
1.3~ L in,--Q.tirA in relAtiui t, tha Ii.rt L.n any -.1van 0aa0.

T bla i/
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!,art U.- ?be Verist.im of Lift Co4Mtisnxt vitih FlPPni

5.1. Theax'otical vuuo ce tlx; lift oi-vtv.3~~cr &2

TQ a fih-r l uZ the 2 ra .%.; anA fh t ortiol v~aiua

(Z 1 r t. %i i~i. aJXJ ti--4c.'zatd aioo, htth

(auwwa ct te,v a ttLrd M-;iz hr, ratir Z' 0.2) th in isflat p
lvat in,~si botvoon t~i" 1' nlt(,l t: f -Je frz uf AT

*~~~~~52 ;bqyew pintn to re.Cizu (lts fcr t1, 1_5.1 perios inth

TheUr ar-A ,: apar oi th whoj ;to bo oai;3Lrwt pvihi-06 thgle oftin
fo rl;-tur t or02 0.,w' frtopoiin

~iv~ i ?ig.1, wor t~rato ~'~1z) is~te alotto<1 aintIox
a osof trw1stion in Fi(a1)T /(h xui~~t~.pit ao )T

ItI hce o.&r)oa thz wcithn thc. lier-ta --f, inxpont ofru

runtinh btwor. ttrd jhurtztl3 o -o doCnivet vcil' kof Zr.

A-raw poi nt f r .A.C.A ajiijw af.11,2am 3o i h

Whoz oxprimanta rasu i at the rainan, value of~ 3u aretos
of ig.~ i.J. 1 o~w b 'oA To~ F>.~.C,~ isi plotod atI r~

& *Oii' of t '&iu" 01' )Tir . Kt on otint muta points~

mif4 C. algty o .rA :.yA.n ooiod to oiin mart~o. Va3AMB of

*I/(&,) mnib r, plttd rxit tho d.4L c ge roo h t of this opart
to ow~ by tuu auei.no or cuv./(1T~X5~rdC7 opoie

TeoThe c-Aruaz f ?19s.14i and 1 ar Oi cota '.lyW COu~ioponwt~ ofth

typsio 1nut.% n l. tioul *.r indown th fur.t is1wjod uw. .oax'

xpoa4 in t.1yoft m4'J th~ rwt-I ai(i) 'Yb ii2Ju(

a wIyu r:)r rel fl ,mn3 k.odu-s.-iosinlva so

%I/a fru a a lat,, m V-a fro Armoa souoe./

Thei tmmima f;. r.;u3 f 7 lox~u mi
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Part MEI.- iWng Notenta m FLain Flsas.

6.j. In Rof.1 Preston at first foundi that a plotting of

blAbI)T &gzirit a A(tl)T Zavu an os~vrently uiqro curve for a (~
given valv of 3, 1.o Clap c oz,4/auruooil ohord rutio, tu lator3 94

he rooognised thAt thin ouxrvu was aictuully only uidque for a given
"~WCfo1 Sapo. Themo %s attl ru-mo , to Lliave that thu curvei was
not depex'r~nt ' n auynulis =-Zebr or an the position of tramsition. To
e xtend the rangeo r oxpormnta I (r~cc-rit was doidol-to carry out a

saroa f tstsornwnodals. baso! or, lciw drug l1ai, so tha.t

us plannesd to rmodify theD roar tait of the rolail ao that the trailing

446 anal* of the 3oction U±.be reoluco2' in r-tagon to -oro. By this

mos it wt hopol to obtain .uh thirinor bi z'lrf L~yorsan~ wall as
tho thicker onos d~arctari.atic of large trailing &.g'o anglesa nal of

forward transition. This partVlc~Uar aim bas not ir. fact boem aohiovoel
to the extent that hal boon~ hop.' -il it is now~ roalisod that, opart
f.- r the posoib±iition of artit icDini roimOtiofl by suotiun, the boun4&iy

la~yer thioknozs can bo reIuod jirsztioajjy only by a very large increase
in tho Rq'nalds numbor af tost. lvrthulrua, thu ranguofa trailing
edge anles ouvtsr~v1 has rovooalod imprtant fimot~j abouAt contrul
ooeffic1.ons, and4 has lu 1 to 3i por31blu fr-r4ovork for ourrulatiig

&I &2, 13, cn b 2 siniltir V, that first aggooti~d by Prustjo

6.2. Ztogriptiun :)r tyw uxparirpinta.

Thw sorjfAIl prufilos tcstji fur thu purp~a oxutlino-i in the
prucoling porxgr.1;h 'nr. illwitro-tul by ?igs.2 'vid1 5 theY -.ru fall Of

thioicnoss-ctorA-riit1o 0.15, vath ,i± z r-vnaiu .-t J14ab, un. tho

sorriaa will b.o r7f.rro. to 15 the 1.".1 3arioa. Tht, mar portion1 of the

40 Lis to- give a rxml;u. -f tiln ' fn'n IP:e ±~~ to 19.2'. In

theu r1inoiwl pr. j,%&r , w foti 'u tr 1,, fitt;1 with jlo0in

flips with charl ratifi runin: fr.; 0X.4 t- .Us, but thore, s& tim.-o for
on4 porl-n -f to t W hu trnnsition point

was varied in ;x~zltix. fr-'. (-.I ttL o.65 of tho churi fm,-, tho loading~

odog by tnowna u1 -.iroa; in o I Utizr thu trz.aitiun ;,aa nllow! to
oocur, wtth-. ut %xir'o, '~t~w .65 in1 '.7o. Tto t. it the binge was

oither extrnxly zr-.All, i.x*r At-'.1Y '.-, z~u vwith groozo in6

al! the experaicnta. 'th Ray rlIi rAzxtxir cf the- Wtos "iaJ u.96 x 106

Mh noials worv 4. ft. a; nn an . _54 iLn. chvrli and were suspended

from a r-niof lift balmnce by ; jfv 1 ; 4riqllol n-tio linkage oiutsl~o
the t.uw0el they wm oonn~woctf.i tv tiwoir.a~ by atout steel tubes,
which were sur~i- Ltwoon the oJ.l 001 M the tunnel walls by Imzx7

&erafoils or the wnmo socti*~n as tho zcol wUnor toot. A plan ..'t the
wDo 1 jr. .- j.oan a'1 t 4.1 in the 7 ft. "i'. tunnel is given in Fig.18.

Tho ga-e,% botveen the morfoil ,on the bnlnnoo anl the clxziies at usO)'

*&I were of the crIer 1/16 in- ain attracp . rwiaum' the Offoota -)f theG

gapre an Wit vul hi;Wnge amt le,' v) tho ocel2&aiafl that t04 OffuctA
Ware alrost within tbe IJA~4tg of u t rror jjn~ c~Aj Ifo t be

WiniMta1. 4oturriAod. Tho atfuott -f the ,5!4 have thuzlfu o booe,

tr'eot .1 asaOg4i'bOO. Hi ing~ trimtiunt ware txa.rm4 by ;tnz of awr

attatid to a stAurt ar it -n.. c~~ f ttw Cluj an'i tc n lirt t* Mo

"n tho zoa af the tUSUv.0. 7ho ;AA.%f the flal --ftru &tsiL bKll

be~ri a zj~t well 0; anol arz4 1-brioatod, zaM Wmr j.r-tt 1Y

frct.'"lausG /



incid1once and tLfl&.AsnIb mccuratoi, bvcawu tho r=. o Lf thcso
ang ovor w~hich trawti~r. ccul.. Ix,~ ]wl. fixul. uma th)
quatitios rmTuizod frAx. tho Vtst3 iwor al-pr d' lift ui- hingo
="-Anat ith rozioct t,. th=, jigc U an C U.- W -1tli
withiin I t . 2, if tirelos ujc,,l- lo rmru'< I~~ V, , *zx it in
bollovok! that thin va in thoa ~n vxi;vd

* -i rato 4:' "Io ' 2Ifxt ci XI~ficican ..- th
inciz:WOg.

a, . -~ rto of chan~a a lift o-ficimzt with 'lz..

b, LSt Aohwko of hi±j i.mt coe~ficiurmt

I~ ~ ~ ~~' withj ift ~mc.uiatn .t'rol

h- t'urx~c c i-r., -



ocorroction te C- 4uo to turmnol -jll interfremwo.

wrroCtiZn of Ci 'duo to tur~ wen~1 interference.

U rutit. of fla. ohord V, raocAl ohord.

T suffix V-, l~iutc thooticol Val2U03 of the
cofticientsae, ftzf b 1 , b2  fc

,q Acntitl flow with J1.,ukT.4s value, of the

The tvio-limensional tumel intairforenco has booen doduced from
Raf.? (Biryant end CGarnor, E47.Tho., first c,.r..'oction to be applied
to tho e asurements taikes aocount of the Jnc~v~jc in wind speed duo to
tnnel bokage. In 04* notaticE of Rof.7, 8 S 1

-c-.6 0, 5,--
V h'ch

Whore A', the zotionmil aruo of th wL-w ,a a. pproxirxito2.y giver. by

A$
- a c. 675
at 

5

the tunnel hoight h 7 ?ft.., o 34:Iaan

o .15. This

(AV)

and the saorai ]?r j.v 2  is increased 1W 2.L--,~ The .Auxrod

Donoto/
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jooofficiWmt oootod for tumal blockago. Than#, if c6' is h
measured inaldonoo, in the rmngo of linea~r sl.ope& to tum&ol d*uriytivae

Sil±arly if a.' is not to zero anI~ thu flap is givorn n noasurod
dtl~otion '~for syumotrioal section~s

The ix-t~rt ornooi n %iJUiti=. to tuzmol blookago takoo tho
form of an isvidanoo cororotiox a~), ard of oorroctions appiio'i to
01 ond1 C'o criocount of tho ind~uoo- cat=43 of flWyw.

L H

4.8 \h/

wheo I. Is. tho p~a.ltlun uf tkw ouintr of prousuxv raosurrjd ona
treatAor. of tho chor-A fr-x; tho las-iv, g jo,

Tho r"spoctivo oi;rrocti.Qna t,- C' C' orlo

L ay

C

'OR (n )I b 1 ,

3yIy



Table 2, with X a 0 m.y be us"i

It tol1rAm that tho oirractodi vxperinocnttd. lift slope,

/o\2 t6GL

and tho correctoei oxprirmvtal hinge mmunst slopo,

CA CH) (0)~X1

b,~~~ 2 -

Ifa' woi r is tho wao~urvid flap dwfluction, the troe
vtror oorditixna orrus~muUng t ) tno tunnol toot tmro al unf
:uw 1o o~ A
a ClAP detluctizin r~

It Is now upJa&1 tOzt :11 n~ b, nr- A-4oprnmwt ct and the

smal.l Inciuto i' riprusontoi iy ruaj~cti.vo nogrntivo cc~rreotioa

02 a (A)'2)' - 2- ()

192 h 4 y h

uh 1 dapmlU on the flap obur' rmtii 3 and U givxm in itof.7,

?iiblo 1.

The/



T'.,D*7r*tio-A af inally oxpressod in tho *,vanict f or

b, b) - (ax2), b, (G J ),

Ga--o Q.i 00373,197
-- h) 1+8.

-c

~IY; /02

a (I -8 .) a2~Ci7

who in give, Li 7a.. ~blo 1.

8. Romulta of tho dotormdznAtlcu of b~%d)

Lnhl7409 DognSe eas fsoe a o"Uiso

or a w t t/o an r it will be notod ttat tho thoorotil. a
ofbl/a4 is a function mainly of I and t/o, ond to a minor dgoo

tM 1 4-2410 Anslo, I . To faoli4tot Interpolatimx Fg.1 * s aIncluded,
wtl- 1/k is pltod against Ifor r a 10 dog., and for overtly

apaoo4 valuc of t/o. Tho c~urv for zeo thiokiwas is of or-e that for
Ithi±n . I to ffte . 8)I. -,h 3uiaot figure in Flig. 1 e provlios f or iho

i i vuvrt =r*=3r If T is not 10 dog. for tho ootim wA-

cxuJs~iorsticzV'



oonsieratitz. If the taxi==tiila f hu3 to ooaurij further

Th-*xlas iin..f.3f tho ostimtZ~n - b

Tho uxpor..oztal wiows if b, ar collected and oxhibitoM

in ?l.za, 1 r)i,4 ~ L f 'i>C b/(b 1 ).. Is plottod ngairnt S. It

will be rwotol Mt thj e, .aij va~2rvos i~r .zzch trailing-adgo angle
nro sapftrstd frv~ -r ?,.:r r vuluozi of -c there in
littleo huv,-u w;.n 2; V.' 4' g.rvauso

bl/b O 1nr%;ojjwit B whlz f.jr a11r values of T

bjAb,) oorunic;3 with ;.crczaao zA' 1 t in rumr~rk-iblo that

b 1,/(bl) oaxn actu 14 (uxcjod unity L7 n ve ry lixrg- nargln vwhon

T ar0 In ?i.g.21, bj/(b1 ., is PlOttUd agnrnubt Posaition of transition,

tn4i It VL.111Lo clecar tht igain :Dr mcdiur. vaoj.l vf -:there is littleo
changj of b 1/(L,') YL It isi curi-w~ th)-t wihtm traiwition is baick at

0.5c ind 3 C.2 the curiros c-o c1'izicr Vtk%;th.r tha, i. whr transition
iz cithor fzvrwr ~r vcr-y f-,r tm

TaJr1ly, in*~ - .(.) ;-a' :12ttc-1 igainat ~radthe

rolatizmah4 p ti.r.tz ;- r:.x .rm i. ly linctzr.

9.ks .Jl ~ t..m 1: Ir . f! U K.'P* to - r'.5 4

rpcu. i t r I agi i T rx

curesfc uath Lown -. n;t cwd r int uInto ior; hou ivo

uvm.I.rby stommpr fir tranaitt-.n forar-1 than for transition back~.

1- Rczix tetvean t. and a..

ad ./(a) C. r thoi masunmti1 tWA t. Vial 1hjvQ its
t , bricIT



theoreial valuo whoi l) is unity, the q*.ntity Aottod is

b bO i idw b7which shoal toni~ to unity an

31AI)Ttanda to unity ft.r &11 aortf oils. In ctch figuro tho graphs

for thu 1541 sorioa &Zru 2raw for trwnsitios 00c and 0.5o , R
bein~g appru~dmatoy I1 Curvus tc r onich trnii.ng-odge angle are
suggettod which all rzot in tho nuihburhvA cof unity for bo~th the

10.2. ftU.26 la drawn f~r I 0.2 . From~ the r'usults of tho
tests on the 1541, scti" (.r 20 dog. ) ±l*uo in thi R.AE. tunnel
N-,)2 Ili ft. by %~ ft,, this points for two tran~sition~ positions we
K 1 ttod aong~s the lomest curve, C, wihich thVy bolon. The agrooment lia
*Zroodnzly good for thia claza of rnosuraonat, and gives acou

grounds for oonfdenwo in the su&,mated nethod of goncralis ing tho renults
of this work.

10.3. Sczo further chocks wiro sought aonoi the rnuroroun reports
from tho !.A.C.A. =n this subjcot. Considerable diffioulty was foiAmd
in a.-irlating the Ameica ar t natiafftot-rily for this special
1A~rioso, and it as thorefure concludied thast 3 totter chock wovuld be
furtig~ 1W using curves uhich were rucor.tndad ly 4nriin authurs
themsolvon an ropruseritativo of their exrcrirentil rasults. Pig. 13
of Raf.9 givon a family of such curves. Two valuca of T , 12 deg. and
20U dog. , woru aoltucted and tho corresponingc volus. of the theoretical
hinee izwt~t oefficient, (b1j). , oatinrated; (b1 )., coul be given

valueMs botwoon fairly ecrrcm limits. Tho quantity al('ai)T could be

gia rango of ponoibla vo4mu according to t/c , oto. Finally
points we"o plutted for oach trilint-od ,u cw&lo which woeaons of
the extremeos of the catiratoi qlMintitiua. Tht, .vault of this prtsoodure
in both Pig.26 nirl Pig.27 (which rors tQ3 a~ uo.i) is satisfacetory
as far az it gxug, Vunl prM 03 th'it .roriattn iata at l.ost givo rmwgh
agrooctsnt with the. kroposoid wonorlizoI ahcou. Until further

o~rlissats doaimsod V; yiull all uho rocusaary :*o ureiwnta, suitably
co-.orlinatod, ure 'zl4itm, tho chqcking- xrovr a wiar rango of

variblo Innut possibl.

11. kelation btex b-, and ek

in Figs.23 asd 0 the ratio "dr", d3vice " by (b/") ia

giw inilar troatont to thtt given t- (b-oj *viaod ltv (bl/al)T

in TiJV.26 and 21. 'Thu gw%.hs for tw', tanziti~xs 0.1o an-4 U.5c for
the 511 series tra drn and tantatiyu curve& iraun % tooet near (yi).
Similar checks tu those in nga ua ash-ni by the plotted ints in
YU.28, which aro deriv.1 1'ruz the tests in *.ho N-.Z ~.2 11- ft.
t7 8i ft. tiauol. Tho agressont with the curve for the trailin-dge

A"I2,lg sstsut- j opjLms:fti hrtr h
R ... tunel rooa z f r b, wwv mum cat orw, th n fo b,

Fiz-/



Fig. 13 of R waz =0 to~ r!;MMxan %aluA)s otf
tv(Lcd/a (W% frra- ,rrioar. zourcas, anU the p'oints

plottod for t igidooa1 a 2, !*C. are i.n vury
fatistact'rj agremx.t wth the. %'n-Vi iL7ocha--u, -4-1th tha tigvrea

pz3 Raf.9 ini 'lttd In :1 a: Maswh Ouideo to

12. =ftot of Trunsiti-m kovozxnt on (Urwi 5urfac on*

It iz wojl. knr~ that %n ixrictioQ trmziitin taoiga jxiaoc on
th %ix;or auf!Io, of ia e&-I -ittlei to th -oar of the piznt of maxim

stlun, a,^rt f". miy 1Lel foaturo foranrl of thina 1 int which mAy
Otz44 trza~anztion. su.n tho 5urfuco to bo i-ari'ctly wauoth

and the atrom.; to Wo 1, rfuotly normtuiziuuunt, transition on an norofoil
if 154.1 typo will1 oceur ait v.6r5 to O.,o on Loth murincoz at =~all ww~loa
of incidorco anl will trevol furwnrd very quickly, boginning at an

194dnouof 4 to 30. On tYAe lower suri'ooo tr~uition will cither
ro.an at 0.65 to 0.7c. or novo alu.Mly to the roa&r. It is imyortant to

d"c~ th.roforfo 'whot hponstou tho Wingo mranOfta on a flapi %i4= the
x,3~itlons of trxia £ tr not thoi an=~ 'A Um , and louvr surfaes.

"cCoulin4ly s(at'j ox-.,rji ntz woru mria on tho 1 51+1 acufoila in ordar
t(, study the otffct of nyrsrutry u.n tmrnitiun. Fig-.30 alown tho
r~s~ultz f4 nwurumorAt cf C. mitlo , r. all Vive of thu tarofoils at 0"
incidanca wuith fiin;in aut ;t r ndi a tronnwitivil wim , jacod at
voirtou pusitionaon (,r& aurt~oo only. 71k, a- fuict isl to -!ivo a
nagnFtlve lift 11f tL~o wire is cmz~i, ru.' t,, be on ttx "t4Jrper" 3wfao
if the atznotrio4 "uf: ' Il. Put th~z ncqot~vo lift is -=uh larger
ihejn the trii ij ;.,lo - iz )AT4u tlnli t~u ~ ar~All. 8cO
li4;ht in thrown s-n thM rx. .aun 11,r thin b7y ij.31, wihere C H in lotted

nninst 1.ztian of -- ru. O)wn 1r. C~j ;,a positive for forvard

trsitio* 3( thu u~ .,(.r z t.oorir.31 o o c.urnu to zero us the
tranaittin 7x'voa 1,c;- t n, ;r t .:t .f the lower su1rface)

(65 to Q... "1 1 7 k .,C o, na,',tivo for forward

troansiticon on tl.hui,) 3 ure.cxu; hanco in thia cau thirv must txo a
;"oitive lift osn tYh flai w~,;, ii-t onooa tho dooa olo. lift czi
the for-aar-i 1pert .X tho Jwin*,-

The orIli.toz of the curvas Fig9.Y0 tinl 31 divO &t rA*&v Of

tho jurq* in C, und rwhich vuul' our if transition si1dcml~y

ot forward with ohongo or incideno.s .. a far as C is O auIWno. it

iA Sx~rWnt that for 14 .20 tho moot favvaoblo t%%U1T%'o*4g. an~3.
ise 9 or 100, if tha ohaao of' Cwith trmatklb is to bo a =1nilmaj

this agroom with theo~u Ouniatca abow tbAt b1 iS UwMtfatOd by

truwsition, OhWNSv Uhmw Ir *
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Theo owidrtims. ar" further ilustrtod by Pi.32 an
3.In Fig-32 %~ is PAottod aGZinsit a for 1541 with 2"y ils;? in

the kr fiarv n1 for 1541a with 11, C!3:, :L- thoe oer. -r has
the~~ != 5I the first caae- andJ 19,*20 in thAs 3ccar-L Curveos aria

transition oocuxe atvlyo t rasufcatbut01.I
is dificult to rlrtuth tcvtizith qp daamt
+~30, which do o marevt ufcetccl~ywt hs t-0t

bot wies s lvenojativo than for no ires for the 1 %1i model.

from a 00 tat aiU 20 te cuv oitno whres is ppoxial
;*relal t tistarit on re ak aturveL forotho wires incl(in
conras tot caofT 19.20 ,r asr iotrioo (sooo thaniO tt f o

no wira. Us, " toa ta- in the omauc:ts ontural3 te uiticsr

cove ~ ~ ~ otot toehr taa 0 h lowet anir onlycuv , oalece vit

the wo wre crve t a = 50,iu bunt po~int lingl acxmo wihl noin

pon o h tar fl oror otvo; i appear Wsit at 5^ nc idonc thela
oo diJoono thw, boo ra1ryd laero the~ loem af-oon is srtill sor w

urbf.1to bto apJry-4icaof the wir at 0.c at thu tinian sc tha
th ora dort ailcalo ra atthe w- ~u fC

for terato oilstr far~ back 15.at Thoe idatoa shrLod incthds
ciasesfwhr th tastioarem-o~ &antrca (30 O O) is is not

sufcet ofine with t Q h ae it aua tastca

sa, knoeg of ith ofsSA~ tn itanI ourvoso -roto r-*vcanantsa

ofitra)ition bo auri osltnd (dy.--otrta..i is) rohe to,

becase at mn.1ztisn o t ranuo u5 rotc .and solo tscal wl in
general ,2o lifot. h atratlna ve h ~.o±0s c

13 Valu hes at~X Higher Incolm the Lare r Fwi i~oh h tnitc

ponSo far way. slLlos Oem ho ho,-l ohac... (to thmo rand fop h
anglet ha bn oilo and thrt hawis ben ,. tiuonztino th~Z aer
turtt bmlir-~ro h ;c ufc at the tr'nil4je edge.vIwor-inrrcuro

Sosdt vaaltofrmtosut 00iniec n lpagt



Piii.35 givcj 4xw:,A ol' t1,. *.tfoctz, of traxnsition mavemaonta
in thoocnao8 of s~ 4 xotir. with trail n& go n 1 9.210. Linar±t

ex"n, ovr th ru;o 5' fcr v; lhu curva o I% j as IA 0,

Thu wavos nua~vut th-.; )ri,-in L thQ C.,c ctarv z ;rc itu t~ tho

ovemet of t ranaji.r. :u~ i~ i~ th. ~ a
the aoctad tuzrV, vint rkt A it I al 6' am~ duo 'to thai buiinninv-s
of tuWrtulant so;)1rtul

In tho ox ,orinrv.i tII-trtoi Ly mio .1. 35 there wro no
v4.ros to fiLx trami tin. . ooa ,urisun of' igi.35 with ?i,. .36 where wfr.3
oausodl trmnaitl~m 4t O.io. shovis tha~t tho vivteo in tho C-11a c',WVOD

near the orizn iaappoar w~hen tr aitiazi 1. heldi fixed at 0.1o. an41
diunot ohnrWo at u B~h 2cv. Bvtl aevan ;C/i,

ct~ideraably ruducod by tkw otwingo to iforvoni Icsit ion of transition,
an hasf tvo-. rootri1o4 above In the diAcussi=on b, =f1 b-. ,.t the

largar valua of a. -m the influanot ---f thu; vwirx: nt first beome.s
*-.-Al, booiu8o the natuxal transitiml, ait n.'k roteaon thu uppur surf~co,
is woUl forwari. Wut the wires tend t,~ on-ana %n oarly tkwjbulont
sjirntiox n "tM) ul:.or aurfaoa, inal wirt.,a onth lowor 3urface ae
Aocotin=lo boia-rao in noat casuocn a-. )oth wizCa tho nr'ture.1 position
f,.r trniti .n Ir wall I.=', where viroc %?.u:, 1.rculuc car%1.initod

wirlry luyor Irof'ilov mnt mpinorntntivo of -raotioal cuiditionn.

nxperirntal lur-,,vsua jvor s=11l ranua of Li of thu ur-lor t3- arA
(X of r1,;1.

14. VoLocity Travur :it tho z.i

Total bend ar, a3titc r~~etulo: wort, rm;loyed with some of
the models tQ ot~o ~ rz~~ . t aiix, oA'o. Tym
instruountas wuru tmr -i tbu traluu*. od&2 at right
angles to tho bls, ctuira of jtci., oZ' t!-jL:.. Lolo tto chord and the
surface tanion1.a; tna. ^j~ tq:. ; to lu ". .~t~nto to the nDonI*.
to tho stream linau. -,La r ,3.t3 -iro i.2lutrattvi bv Fig~s.37 and 41.

vo~oi? Inige3- to 39, t',uY rntio of local v olOcitY q ta trOAm

tonsa of tho &irotoll chorL Tho approxirztj location of th oudr
ioyor Odgvto ia talzj shc. !A fyvuxy oaaO.

-he uppor figwreis for tho manition, "rirA at Ca1." ndtho lowv

f(or *- ir.ao with trrwtitiams at 0.65 to 0.7C. Tharo1 is very little

strpj. It in also 1.ntz-ustirg to m~tu tho greatur rolativj uvd~aatzof
Jf Up',o 'n thio, avAaradl sor SOrfl th prfl ShAPO' - LI~o to

the ouiAping ,f the soctlor-, trant naiticn is 1*ok US Owporod with

Fig./
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Fig.38 illustrata the volocitar pro iu3 for a 20
n 00 , OL being in tho nuighibourtxod of 0.2. isr la gain littlo

offoot an~ 6/o duo to sootion ihapc in tho upper flguru (with wires)
and in Utw 1or rdro (mt wirc) in thc. w=~ of the lor surfemo.
Howovrjr, /0 on tho upper 3urf acu tar.in to Locam'o ipr-oiz~ly smaller
as T Is roducod ithan tmnzitiuv. in woli Lack, -'nd .Lzpaoomont thiokws
is ocznsidably zm1a~d on b~oth surfacesu ty cunping tho section.

?ig.39 ovarz tho cnzo, a 00 , 1 3" giving approximat*4~
thesam G a in tto c 3oc Aeiit with in ?~3.On the whole theo

imhavjrjj4r sug~lonts 3 sni~rirty ! ,twwr. the oirfoots of setting over the
flop ond of' inoroamxng troll ing aao-ni1 t m-nstant incidenceo. Tho
shzase of tho upper 3urfacco curvoo with wircs at U.ic. suggist a noorx
approach tt- sopnratim.

In 5i~.Q /a in plotted againslt trniUing edgo anglo for
a. a 29 C,n cr lao for a) The curvas for
ono wireo" aru d.aii f~ill; thoati for "wimrj -It 0.1c." dottod. It will

1)4) ncod that foCr "nu vi s laor suxfcso, in almxst iunehansied
t7 tha ohAnjo of ino±1..noo '%nz Ly chano of -r . On thu othar hand 6
for the uppcr ourfooo rize3 ens incrooses. Trciliing cigo anglo h3
littlo otikoct on Cwith transiticn ftv.x-, but tho incidoice of focta
-,ro a icoro so in ,wcA~r aurf-,co, and m incrowno on tho upper

Fig. 41 is sin.rx to Fil.4 w ti UvL .;ttinqg- for a a 0,
0 uubgt itutod f jr a = , C' . Thu r ric modo abovo

r,.;ltin;, to F'i.2'1) Lippl. t, 'S.. ir thi. : ain. With no wiirs the rise
of 5 on tho upl.,,r wiri':.cu %.vth tin ruoh noro rttrko'L

Thojo ML~a rim x-rlzi in th).- mij ,rif bocauzio it is hopol
later tu oxplain the 1lihviou~r 5 1* cimnl rl-.pc in torus of the
1,rptirtios of tvxo b.uniry yori. Pvt-n'a'rK 2 3lrea4 giV03 3=0~
olu~j t. tho kind jl* o rAst;-n t.,' z Qxoc.ttc1, lut rore rcsoarch in
requirod hef)r riol. qx~nt~.~bit-t ~tvt nc. raotiooblo.

15. Outlinu uf ?rvoeAtu-o in Etir.,,itiw, ' b, andI b2

It is aaazm4 thitt tho - rutr;.o t ;,, ci' the aoctim, flap
chtri ratic, tr,=~it-.n ;jints, alyail-or -iudr u Kmnm, ar4 that an
Olatmt t, thu eXffctivu trailitV, kd~;n.;le, -, c'In We made. Thou

vuluo of T~ sh!oala 1,,. l~utumrw In f rsx. the ahnpo uf tha 3sv.ctiun fr~v

0,975c. V> le. 71-m the .rcu"Iuxv i3n 'o folli v:

vnlue of Rayn~lda numbur, trAitlim lwtlI=A,
=J milneui~c ongle.
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